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F Ω ⊂ R3   	
 

  %  C2 	
 ∂Ω F Q = Ω×(0,∞);
Σ = ∂Ω× (0,∞);      	
  /  
  ∂Ω  
   








− νΔy + (y · ∇)y − (B · ∇)B + ∇(1
2




+ η 	 	 B + (y · ∇)B − (B · ∇)y = P (χωv)  
 Q,
∇ · y = 0, ∇ · B = 0  
 Q,
y = 0, B ·   = 0, (	 B) ×   = 0 
 Σ





  33  
    y = (y1, y2, y3) : Ω× (0, T ) → R3   
  <; p : Ω× (0, T ) → R    3	; B = (B1, B2, B3) : Ω× (0, T ) → R3
   
  < 6 "	
 










 L2(ω) %     % Ω  %  	33  u, v ∈ U := L2(0, T ; (L2(ω))3)
6 I 








H = {z ∈ (L2(Ω)3) : ∇ · z = 0, z · n = 0 
 ∂Ω}

% %   L2 
 

V1 = H ∩ (H10 )3
V2 = H ∩ (H1)3

% %   H1 
  
  | · | 
 (·, ·)  L2 
 3 
 L2  3	











  *89  ( BJC) F "
m ≥ 0;V m := H ∩ (Hm(Ω))3 %  
 ‖ · ‖m 6
    
 "
b(u, v, w) :=
∫
Ω











 (V 1)3 
 /
  V m1 ×V m2+1×V m3 %
 m1 +m2 +m3 ≥ 32

 mi 
= 32  %
   
 " mi = 32 




|b(u, v, w)| ≤ C‖u‖m1‖v‖m2+1‖w‖m3 . ()
$;     
    
   %  0 b(u, v, w) = −b(u, w, v)
?
  "   
 f ∈ (H−1(Ω))3      
 	 
 (ȳ, B̄, p̄) ∈
V1 × V2 × L2(Ω) " (1)0⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩
−νΔȳ + (ȳ · ∇)ȳ + ∇(1
2
B̄2) − (B̄ · ∇)B̄ + ∇p̄ = f  
 Ω,
η 	 	 B̄ + (ȳ · ∇)B̄ − (B̄ · ∇)ȳ = 0  
 Ω,
∇ · ȳ = 0, ∇ · B̄ = 0  
 Ω,
ȳ = 0, B̄ · n = 0, (	 B̄) × n = 0 
 Σ.
(+)
 %  	  "% 
 3  
  	  "   
 	 
0
 ȳ, B̄ ∈W 1,3(Ω) ∩ L∞(Ω). ()
!
   %  (1)  
 
  " % <
  "% 
 % 3 (P
   F 3= 
)0
A1y = −PΔy " y ∈ D(A1)
+




D(A2) := {B ∈ (H2(Ω))3 ∩ V2 | (	 B) × n = 0 
 ∂Ω}.
  
  " 
  % %  	33  ν = η = 1 




y′ + A1y + P (y · ∇y) − P (B · ∇B) = Pf + P (χωu),
B′ + A2B + y · ∇B − B · ∇y = P (χωv),




 %   
   33    <
  "' 
 (u, v) =
K(y, B) 	 ;  " (y0, B0)    
  
  " (ȳ, B̄) ( 
  3  
3 <) 
  (5)     %' 	 
   < 
  
"  "0
‖(y, B) − (ȳ, B̄)‖ ≤ Ce−γt‖(y0 − ȳ, B0 − B̄)‖





  3   %   3 < * 
;  "' 
 % %  







     ; % 
  	   K
 %
  	 





 (3) $" 
 
  y, B, p, y0, B0  :	
  
y− ȳ; B− B̄; p− p̄; y0 − ȳ 
 3  B0 − B̄; %  
  "% 
 
 %  




y′ + A1y +P (y · ∇ȳ + ȳ · ∇y −B · ∇B̄ + B̄ · ∇B)+
+P (y · ∇y − B · ∇B) = P (χωu),
B′ + A2B +y · ∇B̄ + ȳ∇B −B · ∇ȳ − B̄ · ∇y+
+(y · ∇B − B · ∇y) = P (χωv),
y(0) = y0, B(0) = B0.
()
6 <  
 %   
    <




y′ + A1y + P (y · ∇ȳ + ȳ · ∇y − B · ∇B̄ + B̄ · ∇B) = P (χωu),
B′ + A2B + P (y · ∇B̄ + ȳ∇B − B · ∇ȳ − B̄ · ∇y) = P (χωv),
y(0) = y0, B(0) = B0.
(-)









 %  % 	 
  
  	 
 (y, B) " (7)

%    
 " B 9









A1y + P (y · ∇ȳ + ȳ · ∇y − B · ∇B̄ + B̄ · ∇B)
A2B + P (y · ∇B̄ + ȳ∇B − B · ∇ȳ − B̄ · ∇y)
)
, (J)
%  D(A) = D(A1) ×D(A2) ⊂ H ×H 















  (7)   % 
  
   "
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  (7)   
 
 
  T 
        
 










 	  
	    	 
	 
   

‖e−t(A−BK)‖ ≤ Ce−δt, t > 0. ()
 C, δ   

   
  δ    
 K   

	 
	   

 C = C(δ) 




  U 
6  







 "  

 
  (6); 
 
:	







     δ > 0 C > 0  
	 Vρ  0 









 K : H × H → U    (6)  y0 ∈ Vρ   	 

  





  	 

  
	   ! 
 6 3 A    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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P (y · ∇ȳ + ȳ · ∇y −B · ∇B̄ + B̄ · ∇B)
P (y · ∇B̄ + ȳ∇B −B · ∇ȳ − B̄ · ∇y)
)
%  D(A) = D(A) ⊂ H ×H 
 D(A0) = V1 × V2 ⊂ H ×H  G' ;  






 " A0   
 L2 
         A0   ; A
    3   " = 
 3 
 D(A0) ⊂ D(A) *; 
   "
 3
|A0y| ≤ ε|Ay|+ C(ε)|y|
  
  3 (  BC) 











  3  




(  D(A)   3   
 H ×H)





   	3   












 Vα,θ := {z ∈ C : arg(z − α) ∈ (−θ, θ)} %  





   T " 3 (9)   :	 





 33 "  	 :	 
;    " ξ    	 
 "  	 :	 

−ξ′ + A∗ξ = 0 t ∈ (0, T ) ()


B∗ξ ≡ 0, t ∈ (0, T ),

 ξ ≡ 0
F ξ = (ζ, C)T  6
;  	 :	 
 (12)   % 
  (
 
	 	 B = −ΔB + ∇( B))0
⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩
−ζt − Δζ + (∇C)B̄ − (∇ζ)ȳ + (∇T B̄)C + (∇T ȳ)ζ + ∇π = 0  
 Q,
−Ct − ΔC + (∇ζ)B̄ − (∇C)ȳ − (∇T B̄)ζ − (∇T ȳ)C + ∇ρ = 0  
 Q,
∇ · ζ = 0, ∇ · C = 0  
 Q




    "	
 
 φ : Ω → R3 (R3 ∼M3×1(R)) % 
 0









  "    




−ζt − Δζ − (Dsζ)ȳ + (DaC)B̄ + ∇π = 0  
 Q,
−Ct − ΔC + (Dsζ)B̄ − (DaC)ȳ + ∇ρ = 0  
 Q,
∇ · ζ = 0, ∇ · C = 0  
 Q









3	 ; 	 % %         

 





 33     3 0
ζ = 0, C = 0  
 ω × (0, T ) =⇒ ζ ≡ 0, C ≡ 0  
 Q (2)
6   
 %   3  
 & 
 2
  3 
%  3	 " A  





δ > 0  	  σ(A) ∩ {λ| G λ = δ} = φ F σ1 = σ(A) ∩ {λ| G λ < δ};
σ2 = σ(A) ∩ {λ| G λ > δ} !     σ1    <
   
 σ2 ⊂ Vδ,θ′  




;  3/ < 3 (H × H)c   3  
  	 " %  	3 H1
⊕
H2; 	3 %    
 
 " A (%

   A  3/ < 3) 





  N = dimH1 9




     	 H1
⊕
H2 
  QN = I − PN  6
; %  z1 = PNz 

z2 = QNz; :	 
 (9) 3=  
 % :	 
0
z′1 + Az1 = PNBw ()
z′2 + Az2 = QNBw (-)
6 3 −A2 = −QNA 
 
 H2   
   	3 
 <0
|e−tA2z02 | ≤ Ce−δt|z02 | (J)
:	 






  3 H1 *;
:	 
 (16)   / 
  
 
   T  !
; % 3  :	 
 
 (9)   33/  
  
 
   T ;    {zw(T ) : w ∈
L2(0, T ; (L2(ω)))2}   
  
 H × H  &  3= 
 "   ; 	
PN ; 
 H1; %    <
   
 
;    % 3    {zw1 (T ) : w ∈










   T 
 	   3   7 ( BC);   " 

δ1 > 0  /    
 3 K1 : H1 → U 
  

 C = C(δ1) 	

‖e−t(A1−PNBK1)‖ ≤ Ce−δ1t. (,)
6 "' K;  % %  3    7   
  (9);   <
 
K = G K̃, K̃ = K1 ◦ PN .
 





 " (9);(16) 3  (17)
6 






 " (17) 	
%    3   7 
 " (16) 











   
 
 	 
    (18) 
 (20) %  





" %; "  δ1 > δ 
  

 C = C(δ, δ1);
|zK̃2 (t)| ≤ Ce−δt|z0|.
6 ;  %  (20);   (10) 
 % 








   H̃      
 | · | 
   (·, ·) 
 
−Ã   	
  
 




   (10) 
   D(Ã) = D(Ã∗)  















	    "  
3 
 3 ( B,C  BJC) % '
%  "
	 3 
 " θ ∈ (0, 1);   
3 
 3






∈ σ(Ã))    
 
‖tθ− 12 Ãe−tÃz‖L2(0,∞;H̃)
 3 <   /   3   







  3  
   













% %   	  "  (Ã 12 )∗Ã− 12   
  3  " H̃ 
    





  3 	  




 " z; Ã 12 e−tÃz; % <


t|Ãe−2tÃz|2 ≤ C|A 12 e−tÃz|2

    
:	 
c‖z‖2
D(Ã 12 ) ≤ h(z)
     @" 	;  %  
:	   /
   % H̃ 
  3"
"     3
 	
 
%   3" " 6  F H̃ = H ×H 
 Ã = A−BK; %
K    "' 
	  











   	3 " 
  3  
 D(Ã); D(Ã) = D(Ã∗) =
D(A); " F  % 	 
h(z) ∼ |Ã 14 z|2.
 
   h    
 "   
 h(z) = h(z, z) . 
 ζ ∈ H̃   <
;
    3	  






 D(Ã 14 );   / 

 	
 :	 Sζ ∈ D(Ã 14 ) 	  (ζ, z) = h(Sζ, z) "  z ∈ D(Ã 14 ) !   
 S   " = 
  
 H̃ 9







 D(R) = ! S−1 %  D(R) ⊂ D(Ã 14 )
,
 3  D(Ã 12 ) ⊂ D(R) %  
 
		   
 6    %  




 z → h(ζ, z) /











(Ã 12e−tÃη, (Ã− 14 )∗Ã 14 Ã 12e−tÃz)dt,
& 	 
 F  
  "  (Ã− 14 )∗Ã 14   	
  
 H̃ % 










2 ≤ C|Ã 12 ζ ||z|.
& %   ζ ∈ D(R);
(Rζ, z) = h(ζ, z),


|Rζ | ≤ C|Ã 12 ζ |. ()
$ 		; 
       F3	
 :	 
  <  R0
(Rz, Ãz) = 1
2




    7  

 
  (6)   
	 
"' K 
  (6)   % 
 ⎧⎪⎨
⎪⎩














P (B · ∇B − y · ∇y)
P (B · ∇y − y · ∇B)
)
6  ;     
 BC  B-C;    	 3 :	 
 (23);   
 H̃ ; % 
Ry 
  
 6 3    %  
 '
%  " (23)    

	 
 ( I	 "   
	   
   "   &' :	 
)
&; 
   
  
 33/  :	 





   %' 	 




     
<
 
 ζ ∈ H1(Ω,R3) 
 ε > 0 % <
  	
 






ε‖ζ‖  " ‖ζ‖ >
1
ε
  z = (y, B)T ∈ V % 
  Tε(z) = (Tε(y), Tε(B))T

 
  gε(z) = g(Tε(z)) 6 33/  :	 
  0⎧⎪⎨
⎪⎩






  3 (  
 BC)      
 	 
 zε ∈
C([0, T ];H) ∩ L2(0, T ;V ) ∩ L2loc((0, T ], D(Ã)) *; 

















 zε → z 
  
 L2(0, T ;H) 
 %'  
 L2(0, T ;V )   ;  
$	 
 3
   zε → z 
  
 L2(0, T,D(Ã 14 )) 6    z













:	  (2) "    
  b % ; "
z ∈ D(Ã 34 )) ⊂ H 32 , ζ ∈ V, 
 










2z|2 ≤ |Ã 14 z||Ã 34 z| ≤ C(Rz, z) 12 |Ã 34 z|

 (26) %  ζ = Rzε; %  












  M% 







|Ã 34 zε|2 ≤ 0

 	;  
 c(Rzε, zε) ≤ ‖zε‖21
2





(Rzε, zε) + δ(Rzε, zε) ≤ 0.
!
 




|(Rzε, zε)| ≤ |(Rz0, z0)|e−δt.
%; 	 zε → z 
  
 L2(0, T,D(Ã 14 )) 
 " t a.e. |(Rzε, zε)| →
|(Rz, z)| 
 	
|(Rz, z)| ≤ |(Rz0, z0)|e−δt.

   












6 3	3 "    




 33 "  
 " 3   3  :	 
  





 "  (14)
!
  < 3; % %   









 33    D ? &	 

 &	  
 B-C 6  " %  	  	





   "   
  !

  "   	   33    	 :	 
 (12)  
  " (13) 6 
  % :	  




 B-C   
 33    	   




   :	 
  
 (14);   3  :	 





      




 C 6    

" %  % %  ' 	 "   <
   "  3  :	 
;
 
  @A	 !
	  
 D E E	  
 BC; B2C; 
 	3  % 
   "  3  3 "  
   
6 ' 3	 
   3 
 
3
  3 ; % 
  < 




+ Δy = f  
 Ω × (0, T ) (J)
F ω ⊂ Ω   

       %     
:	
  "
  " f ≡ 0 
 y = 0 
 ω×(0, T ) 
 y ≡ 0 




 z % %  

















F 0 < r < R; % BR ⊂⊂ Ω !   
	  3   " y = 0  
Qr := Br×(0, T )

 y = 0 
 QR := BR×(0, T ) !"     
  ; %  





     
 (0, T ) %     
 (t1, t2));









 ψ ∈ C2(BR) %   "% 
 33 0





@ 	;       
	 	  "	
 
 

















 ᾱ(t) = α|∂BR, ϕ̄(t) = ϕ|∂BR 9
  z := esαy "  s, λ > 0 L 

(J);  :	 
  <  z  0
zt +
[
z,ii − 2sα,iz,i + (s2α2,i − sα,ii − sαt)z
]
= fesα (+)









2α2,i + sα,ii − sαt)z
]
,
F (x, t) = −2s(α,iz,i + sα,iiz)
% %  (+) 
zt +X(x, t) + F (x, t) = fe
sα (+)
 	 3 (+) %  X(x, t); %  
 
 QR 













 3   
 BC (  BC)  	   
  






 s, λ, ϕ  %     






 z %   s3λ4ϕ3z2 
   ;  
 
  " s, λ   
	;  ' s3λ3ϕ3; %   
  
  l.o.t(z2) 6 
" |∇z|2 %   

  %   "	
   sλ2ϕ|∇z|2 
  %
  %   
  l.o.t.(|∇z|2) 
 ' 
 	 y   


 %   "	
   s3λ4ϕ3e2sαz2 
 %    ' s2λ4ϕ2e2sαz2 %  

   l.o.t.(y2) &   
 







 ; %  3    
; %   "	
  






























































































X(x, t)F (x, t)dxdt  " %   










































































































































2 + l.o.t)e2sαdσdt (+)
!" % ' 
%   "	 (+,) (+) % <
    

















; " s, λ > 0   
	;   
 
 ΣR  3   &;
% <















6   3       " f ≡ 0 
 y = 0 
 Br × (0, T ) 
 y = 0 

BR × (0, T )























   /0 ∑ni,j=1 aij(x)ξiξj ≥
β|ξ|2 "  3   

 β 
  (x, t) ∈ Q
  ) bi ∈ L∞(QT )
   ) c ∈ L∞(0, T ;Ln(Ω))  " n ≥ 3 
 c ∈ Lp(Ω) "  p > 1  " n = 2
6
;  " y ∈ L2(0, T ;H2loc(Ω))  <





 y ≡ 0  
 ω × (0, T ); 
 y ≡ 0  
 Ω × (0, T )
6     

 " 6   
 B-C 

















      "  3 (44)      < 

 7    
    
  ;  
3   
  "  f ;

   
 "  3	 
; %   
    %'   
    

  ;  33  8O  
:	  
  
  %   
 
  " 
    
  
:	  ()(    
:	  (+J))
* 3 ; 






− cy 6 
∫
QR













































n ≤ e2sᾱ‖c‖2Ln = o(s)‖c‖2Ln

























%    
   
   




  3";    
 "  3  :	 
 "  " Ly = f 
"#
  !	 $ !  
?
  



























ςik(x, t)yk = 0, p ≤ i ≤ m
()







       " yi = 0 
 ω×(0, T ), i = 1, m;

 yi ≡ 0 
 Ω × (0, T ), i = 1, m 6    
   

 " 6 
 




 % =	 '   &; " 0 < r < R % 	33  yi = 0,

 Qr, i = 1, m 
 % %
  3  yi = 0, 
 QR, i = 1, m !"     
 	;
%  	33;   
   "   
 3  :	 
;   /  

i0 ∈ {1, . . .m} 	  
  
 (29)  " yi0   i ∈ {1, . . .m}; " 
:	 
 yi,t + Liyi = fi % %  
   " 3 (44) 




   
  	
  







; " λ > λ0 








































%  8O  





; %    
 











  yi ≡ 0  
 QR \Qr, i = 1, m
%
	& ' !   





(12)   	 
      ∇ȳ,∇B̄ ∈ L3 ȳ, B̄ ∈ L∞ 
W 1,3 ∩ L∞ "   
     
# $    
	
    
 
 (13)  
    




    Δȳ ·ζ 
 B̄i,jCj,i %  
       
  
 	 Δȳ,ΔB̄ ∈ L3 








   "% 
  " @A	!
	  




 )  D ⊂ Rn  
 
  C2 
  y ∈ H1(D)
-










































iξj ≥ β|ξ|2, ∀ξ ∈ Rn, x ∈ D
  β > 0




 ψ ∈ C2(D)   
	  
	  (30)




! η(x) = eλψ(x)   λ̂, τ̂ 
  

 C > 0     λ ≥












































 	 "  (14);    33 (15)
 0 < r < R % 	33  ζ = 0, C = 0 
 Qr 
 % %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|ζ(x, t)|2 + |C(x, t)|2dσx > 0. (2)
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s3λ3(|ζ |2 + |C|2)e2sᾱϕ̄3dσdt ≤
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[s3λ4ϕ3(|ζ |2 + |C|2) + sλ2ϕ(|∇ζ |2 + |∇C|2)]e2sαdxdt.
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Δπ =   ((Dsζ)ȳ − (DaC)B̄)  
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Δρ =   (((DaC)B̄ −Dsζ)ȳ)  
 QT (2+)
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